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SUMMARY 

23919 
An investigation has been conducted at a Mach number of 2.01 to 

determine the longitudinal stability and control characteristics of a 
winged and a flared hypersonic missile configuration with various nose 
shapes and flare modifications. 

The results indicated a progressive increase in longitudinal sta- 
bility for the flared configuration as the afterbody flare angle was 
increased; however, there was a substantial increase in axial force. 
The addition of small fins to a flared afterbody also provided an 
increase in longitudinal stability with only a little increase in axial 
force. 

Progressively varying the nose shape from an ogive to a hemisphere 
had no unusual effect on the control characteristics of the missiles 
but did cause a general decrease in longitudinal stability and an 
increase in axial force. The addition of a spike 
erably reduced the increase in axial force due to 

INTRODUCTION 

In order to obtain information on the stability and control char- 
acteristics of hypersonic missile configurations, an investigation of a 
family of missile models has been undertaken. The initial phase of the 
investigation is reported in reference 1 for a Mach number of 2.01 and 
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in reference 2 for Mach numbers of 2.29 to 4.65. The characteristics 
at Mach numbers of 2.01, 4.65, and 6.8 of two configurations, one having 
low-aspect-ratio cruciform wings with trailing-edge flap controls and 
one having a flared afterbody and all-movable controls, are presented 
in reference 3 .  The stability and control characteristics at a Mach 
number of 2.01 of a configuration employing the trailing-edge flap con- 
trols of reference 3 as horizontal tails and cruciform all-movable wing 
controls are given in reference 4. 

As an outgrowth of the previous studies, the present investigation 
was conducted to include some effects of nose shape and afterbody flare 
modifications on the stability and control characteristics of two mis- 
siles. The two basic configurations investigated were similar to those 
of reference 3; one configuration had low-aspect-ratio cruciform wings 
with four rearward controls, and one had a flared afterbody and all- 
movable cruciform wing controls. The nose shapes, which varied from an 
ogive to a hemisphere, were designed as housings for different seeker 
arrangements and were investigated on both missile configurations. In 
addition, the flared configuration was investigated with various flare 
modifications including different flare angles and fin-flare combinations. 
This report presents the results of the investigation at a Mach number 
of 2.01 with only a limited analysis. 

SYMBOLS 

The results are referred to the body-axis system with the moment 
reference point at a longitudinal station corresponding to 50 percent 
of the body length for each body. 

CN 

CA 

CA, b 

c, 

normal-force coefficient, Normal force 
qA 

Axial force axial- f orce coefficient . 
Base axial force base axial- force coefficient , 

pitching-moment coefficient, Pitching moment 

9 free-stream dynamic pressure, lb/sq in. 

A maximum cross-sectional area of the body, 7.07 sq in. 



.I 

d 

M 

a 

6 t  

N 

m a x i m u m  body diameter, 3.00 i n .  

free- stream Mach number 

angle O f  a t tack,  deg 

all-movable wing control  def lect ion,  pos i t ive  when t r a i l i n g  
edge i s  down, deg 

rearward t a i l  cont ro l  def lec t ion  of a l l  four  surfaces,  posi- 
t i v e  when t r a i l i n g  edge i s  down, deg 

nose 

va r i a t ion  of pitching-moment coe f f i c i en t  with cont ro l  
def lec t ion  

MODELS AND APPARATUS 

3 

Details of t h e  models are shown i n  f igu re  1. The models were con- 
s t ruc t ed  so t h a t  t h e  nose, the  afterbody, and the  wing arrangement could 
be varied.  
ogive with a radius  t i p  ( N 2 ) ,  and a f u l l  hemispherical nose ( N 3 ) .  The 
afterbody modifications ( f i g .  l ( b )  ) included f l a r e s  having half-angles  
of 5 O ,  7 . 5 O ,  and loo. The 5' and 7 . 5 O  flares could a l s o  be equipped 
with e i t h e r  four  o r  e igh t  small f i n s  so t h a t  t h e  ove ra l l  span at t h e  
base of t h e  model was always the  same as t h a t  f o r  the  10' flare case.  

The nose shapes ( f i g .  l(a)) included an ogive ( N l ) ,  a blunted 

The rearward cont ro l  surfaces  on t h e  winged configurat ion were 
indexed with respect  t o  the  wing, and a l l  four  surfaces  were def lec ted  
f o r  p i t c h  cont ro l .  The all-movable wings on the  f l a r e d  configurat ion 
were loca ted  i n  t h e  hor izonta l  and v e r t i c a l  planes and only the  hori-  
zontal  wings were def lec ted  f o r  p i tch  cont ro l .  

The models were mounted i n  t h e  tunnel  on a remote-control r o t a r y  
s t ing ,  and forces  and moments were measured by means of an i n t e r n a l l y  
mounted, six-component, s t r a in -  gage balance. 

TESTS, CORRECTIONS, AND ACCURACY 

The conditions under which the  tes ts  were conducted are as 
follows : 
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Machnumber . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.01 
Stagnation temperature, OF . . . . . . . . . . . . . . . . . . .  100 
Stagnation pressure,  lb/sq f t  . . . . . . . . . . . . . . . . . .  1,440 

6 Reynolds number per  foot  . . . . . . . . . . . . . . . . . .  2.44 x 10 

The stagnation dewpoint was maintained s u f f i c i e n t l y  low (-25' F or 

Tests were made through an angle-of-attack range of about -1' 
The angle of a t t a c k  was corrected for t h e  de f l ec t ion  of t he  

below) so that no condensation e f f e c t s  were encountered i n  t h e  t e s t  sec- 
t i o n .  
t o  27'. 
balance and s t i n g  under load.  
axial force was adjusted t o  a base pressure equal t o  free-stream s t a t i c  
pressure over t he  e n t i r e  base of the  bodies.  
axial-force coe f f i c i en t  with angle of a t t a c k  f o r  each configurat ion i s  
presented i n  f igu re  2. 

The base pressure was measured, and t h e  

The va r i a t ion  of base 

The estimated accuracy of t h e  ind iv idua l  measured quan t i t i e s  i s  as 
follows : e 

CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?0.0140 
C A .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.0016 
C m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .+0.0080 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t O . 2  
& , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f O . l  
6 t , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.Ol5 

The accuracy of t h e  pitching-moment coe f f i c i en t s  presented i n  t h e  
f igu res  i s  general ly  l e s s  than t h e  value quoted inasmuch as t h e  values 
presented have been t r ans fe r r ed  var ious d is tances  and r e f l e c t  t h e  normal- 
force  accuracy as w e l l .  Details of the t r a n s f e r  d i s tances  involved a re  
shown i n  f i gu re  1( e ) .  

PRESENTATION OF RESULTS 

The longi tudina l  s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  determined 
i n  t h e  present inves t iga t ion  a r e  presented i n  t h e  following f igu res :  

Figure 
Ef fec t s  of f l a r e  angle on the body alone with nose N1 . . . . .  3 

Effec ts  of f i n s  on the  flared body with nose N1 and without 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  control  surfaces  : 
5 O  f l a r e  
7 . 5 ° f l a r e . .  . . . . . . . . . . . . . . . . . . . . . . . .  
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Figure 

5(a) 
5 (b )  

Ef fec ts  of nose shape: 
loo f l a r e d  configuration; 6, = 0' . . . . . . . . . . . . . .  
Winged configuration; 6t = 0' . . . . . . . . . . . . . . . .  

Effec t  of all-movable control-surface def lec t ion  f o r  loo flared 
configuration: 
N o s e N 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  6(a)  
N o s e N 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  6(b)  
N o s e N 3 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  6 ( c )  

N o s e N 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  7 ( e )  
N o s e N 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  7(b)  
NoseN3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 ( c  1 

Effect  of all.-movable control-surface de f l ec t ion  f o r  5' f l a r e d  
configurat ion with e igh t  f i n s :  

Ef fec t  of t a i l  def lec t ion  on winged configuration: 
N o s e N 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  8(a)  
N o s e N 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  8(b)  
N o s e N 3 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  8 ( c )  

Ef fec t  of nose spike on winged configuration with nose N2 . . .  9 

SUMMARY OF FESULTS 

Increasing the  afterbody f l a r e  half-angle f o r  the  body alone 
r e su l t ed  i n  a progressive increase i n  longi tudina l  s t a b i l i t y ;  however, 
there  w a s  a subs t an t i a l  increase i n  ax ia l - force  coe f f i c i en t  
The addi t ion  of s m a l l  f i n s  t o  t h e  configurations with 5' and 7 . 5 O  f l a r e s  
a l s o  provided an increase i n  longi tudina l  s t a b i l i t y  with only a l i t t l e  
increase  i n  CA ( f i g .  4 ) .  

CA ( f i g .  3 ) .  

Progressively varying the  nose shape from an ogive t o  a hemisphere 
r e s u l t e d  i n  a general  decrease i n  longi tudina l  s t a b i l i t y  and a l a r g e  
increase  i n  
configurat ion ( f i g .  5 ) .  

CA f o r  both t h e  loo f l a r ed  configurat ion and t h e  winged 

Deflection of the  all-movable cont ro l  f o r  the  10' f l a r e d  configura- 
t i o n  ( f i g .  6 )  and the  configuration with a 5 O  f l a r e  and e igh t  f i n s  
( f i g .  7) ind ica t e s  no unusual e f f ec t s .  
t i venes  s 

The increase i n  p i tch ing  effec- 
as the  nose shape i s  blunted i s  pr imari ly  a result of an kS 



increase in the control moment arm that occurs as the forebody is 
shortened since the moment reference point is maintained at the midbody 
station for each configuration. Similarly, nose shape has little effect 
upon the control characteristics of the winged configuration (fig. 8) 
and the slight reduction in pitching effectiveness as the nose is blunted 
is partly a result of a decrease in moment arm for the rearward tail 
controls. 

In an effort to reduce the increase in axial force caused by nose 
blunting, the winged configuration with nose N2 was also tested with a 
2.52-inch spike attached to the nose. The results (fig. 9) indicate a 
measurable difference in 
force increment between nose N1 and nose N2 (see fig. 5(b)) being reduced 

L 
1 
6 
7 

about 50 percent by using the spike. 2 

CA at low angles of attack with the axial- 
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‘A, b 

‘A,b 

‘A, b 

- -  
0. ..e . . . 0 .  0 .  . 0 0.. 0 .  0 0 .  e .  
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( a )  Flared model with nose N1 and without con t ro l  sur faces .  

Figure 2.- Variation of base ax ia l - force  coe f f i c i en t  with angle of 
a t t a c k  f o r  various configurat ions.  
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‘A, b 

‘A, b 

‘A, b 

(b) 10’ flared model with cont ro l  surfaces on. 

Figure 2.- Continued. 
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( c )  5 O  f l a r e d  model with eight f i n s  and cont ro l  surfaces  on. 

Figure 2.- Continued. 
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-4 0 4 8 12 16 20 24 28 32 36 

a, deg 

Figure 3.- Effects of flare angle on the longitudinal aerodynamic char- 
acteristics of the body alone with nose N1. 
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(a) 5' flare. 

Figure 4.- Effects of fins on the longitudinal aerodynamic characteris- 
tics of the flared body configuration with nose N1 and without 
canard surfaces. 
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-4 0 4 8 I2 16 20 24 28 32 36 

a ,  deg 

(a) 10' flared configuration; 6, = 0'. 

Figure 5.- Effects of nose shape on the longitudinal aerodynamic charac- 
teristics of the flared and the winged configurations. 
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(b) Winged configuration; 6 t  = Oo. 

Figure 5. - Concluded. 
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CA 

(a) Nose N1. 

Figure 6.- Effect of control-surface deflection on the longitudinal 
aerodynamic characteristics for the 10' flared configuration with 
various nose shapes. 



20 

............... . . 0..  0 .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ........................ com1mNT1AL . 

( b )  Nose N2. 

Figure 6.- Continued. 
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28 32 36 
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-4 0 4 8 12 16 20 24 
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( e )  Nose N3. 

Figure 6 .- Concluded. 
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-4 0 4 8 12 16 20 24 28 32 36 

a ,  deg 

(a) Nose N 1 .  

Figure 7.- Effect of control-surface deflection on the longitudinal 
aerodynamic characteristics for the 5 O  flared configuration with 
eight fins and various nose shapes. 
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-4 0 4 8 I2 16 20 24 28 32 36 

a,  de9 

(b) Nose N 2 .  

Figure 7.- Continued. 
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-4 0 4 8 12 16 20 24 28 32 36 

a ,  deg 

( c )  Nose N3. 

F igure ‘ T .  - Concluded. 
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(a) Nose N1. 

Figure 8.- Effect of tail deflection on the longitudinal aerodynamic 
characteristics of the winged configuration with various nose 
shapes . 
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(b) Nose N2. 

Figure 8.- Continued. 
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-4 0 4 8 12 16 20 24 28 32 36 

a, deg 

(c) Nose N3. 

Figure 8. - Concluded. 
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Figure 9.- Effect  of a nose spike on t h e  long i tud ina l  aerodynamic char- 
a c t e r i s t i c s  of t he  winged configuration with nose N2. 6 t  = 0'. 
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